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 1 
CHAPTER 1. OVERVIEW 
 
Despite consistent emphasis in reform documents that the nature of science is 
a crucial part of K-12 science education (NRC, 1996; AAAS, 1993; McComas & 
Olson, 1998), students continue to have significant misconceptions about what 
science is and how it works. Most attention to the causes of this problem and 
possible solutions have focused on the secondary level, despite evidence that 
misconceptions are developed early in students’ educational experience (Finson, 
2006). Unfortunately, very little research has been conducted on improving 
elementary students’ understanding of the nature of science (Akerson, 2000; Clough, 
2001; Schrauth, 2009). Far more information is needed about how the nature of 
science is portrayed and what might be done to improve the current state of NOS 
instruction in the elementary grades. 
 
Introduction 
 
 Science is complex and multi-faceted, but consensus exists in the science 
education community regarding important characteristics of science appropriate for 
K-12 students to learn. Students need to know science focuses exclusively on the 
natural world, and does not deal with supernatural explanations. Science is also a 
way of learning about what is in the natural world, and how the natural world works. It 
is not simply a collection of facts; rather, it is a pursuit of understanding, as well as 
the body of knowledge that results from that pursuit. Scientists work in many different 
ways, but all science relies on figuring out what expectations are generated by an 
idea and making observations, including experiments, to find out whether those 
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expectations are supported. Accepted scientific ideas are reliable, but as new 
evidence is acquired and new perspectives emerge, these ideas can be revised. 
Science is a community endeavor. It relies on a system of checks and balances, 
which helps ensure science moves in the direction of greater coherence and 
understanding. This system is facilitated by diversity within the scientific community, 
which offers a broad range of perspectives on scientific ideas (McComas, 1998).  
A troubling issue in science education is the way nature of science is 
portrayed in science classrooms. The vast majority of efforts to improve students’ 
understanding of the nature of science have taken place at the secondary level 
(Lederman, 1995). Research has documented high school and college students’ 
misconceptions of the nature of science (BouJaoude, 1996; Griffiths and Barman, 
1995; Moss, 2001; Smith, 2000). Yet each of these efforts is predicated on the fact 
that secondary students have established misconceptions about what science is and 
how it works. These misconceptions have originated elsewhere as these 
misconceptions are intact at the middle school level (Schrauth, 2009), yet almost no 
attention has been placed on accurately teaching the nature of science to elementary 
students.  
Clough has asserted that nature of science misconceptions are developed and 
reinforced in classrooms through teachers’ use of science-related vocabulary, the 
structure of laboratory activities, audiovisual materials, and the portrayal of science 
and scientists in textbooks and other curricular materials (1995). The work of Abd-El-
Khalick (2001) found that the nature of science is misportrayed in high school 
chemistry texts, and this misportrayal reflects the field’s concerns with the nature of 
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science (NOS) at the secondary level. Unfortunately, little is known about how much 
NOS is portrayed in elementary classrooms, where much could be done to help 
students develop accurate ideas.  
During the elementary years, students encounter important influences from 
their teachers, the curriculum materials used in the classroom, portrayals of science 
and scientists in the media, audiovisual and text materials, and parental perceptions 
of science, to name a few. Despite these influences, very little research has been 
conducted on such sources and their influences on elementary students’ thinking. 
We know children as young as six years old have stereotypical views of scientists 
(Finson, 2006). Efforts to study where these ideas originate and to provide accurate 
information in the classroom appears to be a very low priority, given the lack of 
studies in this area. This current state exists despite research that has shown very 
young students are capable of developing functional understandings of ideas as 
abstract as the nature of science and scientific inquiry (Lederman & Lederman, 
2004). 
In one of the few extant studies on the NOS in the elementary grades, 
Schrauth (2009) analyzed the representation of the nature of science in lower 
primary instructional materials. He found an almost total lack of mention of how 
science works, or what science is. Further, the materials frequently implicitly, and 
occasionally explicitly conveyed misconceptions.  
Upper elementary materials have yet to be examined, despite science being 
taught more frequently in the upper elementary grades compared to lower 
elementary grades (Bayer, 2004). The nature of science is important to examine in 
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upper elementary grades because during these years children are developing logical 
thinking, and thus the development of evidence-based misconceptions is likely to 
occur. These misconceptions impact future learning. Research has shown that 
through explicit/reflective instruction, students are able to understand concepts of the 
NOS and connections of these concepts within the context of science activities (Abd-
El-Khalick & Lederman, 2000).  
Many reform documents state the importance of including an accurate 
portrayal of the nature of science when teaching science to elementary students 
(NSTA, 2000), yet we do not know to what extent the instructional materials used in 
the upper elementary classroom include an accurate portrayal.  
Due to a lack of science background knowledge, most elementary teachers 
rely heavily on instructional materials provided to them. Thus, these curricula highly 
influence the way they teach (Anderson & Mitchener, 1994). Research has shown 
teachers tend to have the same misconceptions about NOS as their students (Abd-
El-Khalick and Boujaoude, 1997). Therefore, unless the curriculum materials provide 
a more accurate conception, teachers are likely to wrongly think their misconceptions 
are accurate, and will teach those views to students.  
Successful nature of science instruction depends on both the understanding of 
NOS and the understanding of effective NOS pedagogy (Abd-El-Khalick & 
Lederman, 2000). Effective nature of science instruction should promote NOS ideas 
as an explicit part of planned instruction. Significant scaffolding should occur 
between decontextual and contextual NOS experiences (Clough, 2006). Teachers 
must closely monitor students’ progress through the year so that NOS 
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misconceptions can be addressed and deeper levels of understanding achieved 
(Kruse, 2008).  
Teachers may be far less likely to teach NOS successfully if their curriculum 
materials grossly distort the nature of science. For this reason, Clough (2006) has 
asserted that teachers should help students recognize when curricular materials 
distort the nature of science, and how what they are doing in class differs from what 
scientists do (in addition to helping students see appropriate similarities). 
Unfortunately, Herman (2011) found that secondary teachers prepared to teach the 
nature of science experienced significant difficulty explicitly attending students to 
errors or misrepresentations in curricular materials. 
Background 
 
The purpose of this study is to examine the extent to which the nature of 
science is presented in upper elementary science instructional materials and the 
accuracy of those nature of science portrayals. This study will only examine 
published materials, not those modified or adapted by individual teachers. This study 
will provide important information about the status of NOS at the elementary level, 
and can inform potential revision of upper elementary instructional materials to more 
closely align with science education reform documents. 
 This study will be the first to examine the presence and accuracy of the nature 
of science in upper elementary instructional materials. This study, coupled with the 
findings of Schrauth (2009), will be of use to those who can improve the current state 
of elementary science curriculum materials. This study will also lay groundwork for 
future research on efforts to improve students’ views of the nature of science.  
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If curriculum materials can better reflect the nature of science, teachers’ views 
of the nature of science may be improved. The use of educative curriculum materials 
may increase accurate teachers’ understanding of the NOS. Since elementary 
teachers often rely heavily on curriculum materials, a great need exists to ensure 
those materials are accurate. The current state of teachers’ NOS views is not 
positive. Teachers’ views of the nature of science lack coherence and teachers hold 
many naive views of the NOS (Abd-El-Khalick and Boujaoude, 1997). However, 
changing teachers’ views is necessary, but insufficient to change their students’ 
views (Lederman & Lederman, 2004). All too often we assume teachers’ knowledge 
and beliefs are automatically and necessarily translated into classroom practice. 
Research does not support this seemingly intuitive assumption when it comes to 
nature of science understanding and teaching (Lederman & Lederman, 2004). 
Effective instruction related to the nature of science and scientific inquiry (SI) require 
teachers to develop a knowledge base as well as purposeful intentions to address 
NOS and SI within classroom instruction (Lederman & Lederman, 2004). Curriculum 
materials may play an important role in this process. 
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Research Questions and Methodology 
 
 To assess the presence and accuracy of the nature of science in upper 
elementary curriculum materials, this study was designed to address the following 
research questions: 
Question One: What nature of science concepts are represented in upper 
elementary curriculum materials? 
 Question Two: How accurately is the nature of science explicitly and implicitly 
addressed in upper elementary curriculum materials? 
 
This study will use qualitative methods used in the Schrauth (2009) study to 
analyze curriculum materials published for grade 3-5 students. This study, and that of 
Schrauth (2009), was based on the following NOS concepts that have been 
commonly asserted as appropriate for K-5 students: 
(1) Scientific knowledge is simultaneously reliable and tentative. 
(2) No single universal step-by-step scientific method exists. 
(3) Creativity is a vital part of doing science. 
(4) Science is based on naturalistic methods and explanations. 
(5) Contributions to science can be made by people all over the world. 
(6) Science is impacted by the social interactions of scientists and the culture 
in which they work.  
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CHAPTER 2. REVIEW OF LITERATURE 
 
Introduction 
 
National science education reform documents (National Research Council, 
1996; American Association for the Advancement of Science, 1993; Rutherford and 
Ahlgren, 1990) and teaching standards documents (Iowa Department of Education, 
2009) emphasize that a central goal of science education should include 
understanding the NOS as an integral part of scientific literacy (McComas, Clough, 
Smith, Lederman, & Scott, 2000). Consensus regarding the details of what 
constitutes scientific literacy has yet to be reached. However, agreement has been 
reached for the need to understand fundamental science ideas, the NOS, inquiry, 
and societal application. The goal of scientific literacy has continued to be an elusive 
component of science education reform.  Nonetheless, if students are to develop a 
meaningful understanding of science content, then understanding the NOS is a 
crucial component of scientific literacy. Despite this consensus that the NOS is an 
important part of a robust science education, Clough (2007) cautions that even 
though philosophers of science and science educators can agree on tenets with a 
high level of consensus, a list of such tenets can easily become another set of facts 
presented to students for memorization. Thus, any attempt to teach the nature of 
science needs to recognize that the NOS is not a simple list of facts about how 
science works, but is a complex and nuanced set of concepts and questions that 
students should explore when learning about what science is and how it works. 
Understanding the NOS is essential if students are to develop a meaningful 
understanding of science content. As Clough (2000) states, “Clearly all students 
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cannot learn science unless they cross into the science culture and adopt (at least for 
the purposes of engaging in science) several fundamental ontological and 
epistemological notions” (p. 2). This border crossing is necessary because some 
basic assumptions of science are at odds with many students’ traditions and intuitive 
ways of viewing the world. Inaccurate views of the NOS, specifically the tentative yet 
enduring character of scientific knowledge can encourage students to simply, and 
wrongly, dismiss scientific notions. These examples support the suggestion by 
McComas et al. (1998) that NOS instruction enhances students’ understanding of 
science content. Therefore, understanding context—the fundamental assumptions 
and methods—of scientific knowledge (Rudolph, 2000) relieves tension between 
science and students’ intuitive or traditional ways of thinking, thus helping students 
develop a deeper and more robust understanding of science content. 
Recent work demonstrates that elementary-aged students have inaccurate 
and naïve ideas about the nature of science (Finson, Thomas, & Pedersen, 2006; 
Akerson & Abd-El-Khalick, 2005; Akerson & Volrich, 2006). Explicitly addressing 
common misconceptions that students harbor about how science works and the 
characteristics of scientists is a necessary component of engaging these students in 
science. Providing an accurate conception of what science is, who scientists are, and 
what scientists do is essential. Establishing accurate NOS views when students 
begin to study science in a formal school setting may be crucial for preventing the 
profound and resistant NOS misconceptions found in secondary students (Abd-El-
Khalick & Lederman, 2000).  
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Current State of NOS in the Elementary Classroom 
Both secondary students and teachers hold NOS misconceptions, which have 
implications for effective NOS instruction (Abd-El-Khalick, 2005; Abd-El-Khalick & 
Akerson, 2004; Clough, 1995). Not surprisingly, elementary teachers also hold NOS 
misconceptions (Abd-El-Khalick, 2005; Akerson, Morrison, McDuffie, 2005; 
Lederman, 1995; Martin-Diaz, 2006), and these misconceptions are being passed to 
students. 
 
Elementary Students’ Conceptions of the Nature of Science  
The most extensive early attempt to assess students’ conceptions of NOS 
(Mead & Metraux, 1957) was a large endeavor. A nationwide sample of 35,000 
essays from students comprised the data in that study. Mead & Metraux found that 
students’ specific perceptions of science and scientists varied, but overall 
misconceptions were widespread. In 1961, Klopfer and Cooley developed the Test 
on Understanding Science (TOUS), which was to become a widely used NOS 
assessment. They concluded high school students understanding of the scientific 
enterprise and of scientists were inadequate. The emerging concern about the 
inadequacy of students’ understandings of NOS was strongly stated by the National 
Science Teachers Association in the early 1960s (NSTA, 1962). The NSTA stated, 
“Teachers of science engage students effectively in studies of the history, 
philosophy, and practice of science.  They enable students to distinguish science 
from non-science, understand the evolution and practice of science as a human 
endeavor, and critically analyze assertions made in the name of science.” 
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Students' ideas about science are influenced by media images of science and 
scientists in addition to their school science experiences (Hanuscin & Lee, 2009) and 
these experiences can result in the formation of NOS myths and misconceptions. 
Students as young as six and seven have been found to hold NOS misconceptions 
(Abd-El-Khalick, 2002; Akerson & Abd-El-Khalick, 2005). In fact, prior to explicit NOS 
instruction, young children already hold many misconceptions about the role of 
creativity, the tentativeness of scientific knowledge, and the distinction between 
observation and inference (Lederman & Lederman, 2004). Research in this area is in 
early stages; much remains to be learned. 
Schruath (2009) summarized three fundamental reasons why little is known 
about elementary students’ conceptions of the nature of science; (1) NOS concepts 
have been thought to be too abstract for this age group; (2) teachers themselves hold 
misconceptions regarding the NOS; (3) much disagreement exists regarding how to 
assess young students NOS views. 
 
Elementary Teachers’ Conceptions of the Nature of Science 
Elementary teachers’ naïve and inaccurate views of the nature of science 
have prevented them from being able to readily identify and explicitly teach towards 
an accurate student understanding of these important ideas. Although research on 
teachers’ conceptions of the nature of science proliferated several decades ago 
(1950-1970), several notable recent assessments of teachers’ understandings have 
occurred. This is important since standards documents that emphasized the NOS 
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began to emerge in the U.S. in the early 1990s, and one would expect teachers 
would be better prepared in this area if such standards were required.  
Much of the research on teachers’ conceptions followed the emergence of 
research findings indicating the importance of the teacher on students’ achievement 
(Koulaxizis & Ogborn, 1989). Interestingly, the first assessment of teachers’ NOS 
conceptions was conducted prior to any assessment of students’ conceptions 
(Anderson, 1950). In Anderson’s study, 113 Minnesota high school teachers, 
including 58 biology teachers and 55 chemistry teachers, were surveyed with 8 
questions about their NOS conceptions. Anderson determined that both groups of 
teachers held NOS misconceptions. 
Behnke (1961) used a questionnaire to compare the understandings of 
scientists and science teachers. The participants consisted of 400 biology teachers 
and 600 physical science teachers. Over 50% of the science teachers thought that 
scientific findings were not tentative. Even more surprising was that 20% of the 
scientists felt the same way. Almost 50 years ago, Anderson concluded that teachers 
were more concerned with imparting scientific facts than helping students understand 
the processes of science—an indication that something was awry regarding teachers’ 
ideas about the NOS and the purpose of science education. Miller (1963) and 
Schmidt (1967) drew essentially the same conclusions.  
Because teachers cannot be expected to purposefully teach what they do not 
understand, many researchers have focused their attention on the development and 
assessment of techniques designed to improve teachers’ conceptions. If teachers’ 
understandings are embedded within their professional practice, this has important 
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consequences for appropriate teacher education and professional development in 
the area of NOS. For example, Nott and Wellington (1998) have found that critical 
incidents can be used to teach teachers how to exploit unplanned incidents, and 
unanticipated events or remarks to bring the nature of science into their curriculum. 
To teach the nature of science, teachers must understand the content 
themselves, know what is important to teach, find out students’ incoming ideas, and 
implement instructional activities and assessments to help students learn (Clough & 
Olson, 2011). Regardless of the curriculum, every lesson portrays an image of 
science to students and conveys information about what science is and how science 
works. To make the nature of science an explicit part of instruction, such ideas 
should be planned for, taught, and assessed intentionally (Hanuscin & Lee, 2009). 
Effectively teaching students about NOS has been looked at from both implicit 
and explicit approaches. Some have asserted NOS instruction must be explicit 
(Lederman & Abd-El-Khalick, 2008). Zeidler and Lederman (1989) determined 
teachers’ language when presenting subject matter or committing to discourse on a 
scientific topic has significant impact on students’ views of the NOS. This is possibly 
because it reveals implicit ideas about how science works. The fact that the majority 
of students cannot identify where they learned their NOS views seems to support that 
the NOS is being learned implicitly (Lederman & O’Malley, 1990). Because of the 
existence of implicit NOS concepts being learned by students, many argue that 
teachers will teach about the NOS whether they intend to or not (Clough, 2008). 
Even though the NOS can be learned implicitly, solely an accurate implicit approach 
to teaching the NOS has been shown to be ineffective at changing students’ existing 
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ideas about the NOS. Students are highly unlikely to make NOS connections without 
the help of a teacher (Meichtry, 1992). This occurs because students use their 
existing inaccurate ideas to interpret classroom events, thus reinforcing rather than 
changing their naïve views. 
However, before teachers can effectively engage in teaching the NOS, they 
must first have some understanding of what constitutes the NOS and how to 
effectively engage students in the learning of the NOS (Clough, 2008). Without this 
component, teachers may inadvertently convey inaccurate science views and 
inaccurate NOS ideas even though their intention is to accurately teach students 
about the NOS. Clough also argues that understanding the NOS is intricately tied to 
deeply understanding science content (2008). This results from the need to 
understand the fundamental assumptions and methodological practices that underlie 
that knowledge in order to deeply understand the concept. To be effective, teachers 
must truly understand science content and must accurately and explicitly teach the 
NOS alongside this content. 
Explicit NOS instruction is a crucial piece of planned instruction if a teacher 
desires deep conceptual change in their students (Kruse, 2008). Many teachers will 
address the NOS with a few weeks of explicit instruction at the beginning of the year, 
but this is not enough if students are to change their deeply held and strongly 
supported misconceptions about the NOS (Clough, 1997). Clough (1997) argues that 
pressure on the students’ views must be maintained throughout the entire year. 
Students must obtain a sense of dissatisfaction about their inadequate views and at 
the same time have an alternative view which they can move to that is: plausible, 
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addresses old problems, addresses any new concerns, and can be useful in future 
situations. The period of disequilibrium, according to Clough, is simply the start of the 
conceptual change process (1997).  
 
Teachers’ Use of Curriculum Materials 
If elementary teachers rely on curriculum materials to teach science and are 
likely to use language found in those materials when conveying the NOS, what 
messages do those materials convey? The materials available to teachers affect how 
they approach the NOS in their classroom. Ryder and Leach (2008) found that 
teachers, when using published materials for teaching the epistemology of science, 
used language that was consistent with the views expressed in the resources. Based 
on this study, they argue that teachers’ understanding of the epistemology of science 
may not be the most significant barrier to effective teaching of the NOS. Along these 
lines, efforts have been taken to increase the availability of materials that accurately 
and effectively incorporate the NOS alongside science content in a manner where 
teachers do not view it as an “add on” to the curriculum.  
Specifically, teachers’ use of and learning from text-based curriculum 
materials depend not only on the characteristics of the curriculum materials, but also 
on the type of teaching activity in which the teacher is engaged, the teacher’s 
persistence or lack of persistence in reading the materials over time, what the 
teacher chooses to read or ignore, the teacher’s own knowledge and beliefs (e.g., 
about content, learners, learning, teaching, and curriculum materials), how those 
beliefs are aligned with the goals of the curriculum, and the teacher’s disposition 
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toward reflective practice (Davis & Krajcik, 2005). If teachers use language congruent 
with those in curriculum materials when addressing the NOS, elementary teachers 
are even more likely to do so for the following reasons: 1) They have less science 
content knowledge and are more likely to depend on curriculum materials than to 
develop their own, 2) They express greater concerns about their ability to teach 
science than any other subject (Bayer, 2004), and 3) school districts tend to purchase 
entire K-5 programs, placing pressure on teachers to use the materials to ensure 
consistency with other grade levels.  
What might K–12 curriculum materials look like if they were designed with the 
intention of promoting teacher learning? Curriculum materials can be educative; that 
is, they can teach the teacher, but only if certain elements are present. Curriculum 
materials should “speak to” teachers about the ideas underlying the tasks rather than 
merely guiding their actions (Davis & Krajcik, 2005). Carefully designed educative 
curriculum materials have clear advantages. 
It is relatively straightforward to design materials that help teachers add new 
ideas to their repertoires. More challenging is to help them connect those ideas to 
other ideas. Harder still is helping them use their knowledge and engage in the 
discourse and practice of actual teaching (Davis & Krajcik, 2005).  
For example, research has shown that many textbooks and teacher guides 
often fail to help teachers understand the rationale for teaching suggestions or how to 
examine student work and thinking (Ball & Cohen, 1996). By far the dominant form of 
classroom support used by teachers worldwide is the textbook. Traditionally, 
textbooks and/or teacher guides have been designed to help implement curricula. 
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However, recent attention is also being given to the value of materials that are 
specifically designed to help teachers learn through enactment of the curriculum (Ball 
& Cohen, 1996). 
Curriculum materials have traditionally sought to teach students, with teachers 
assumed to have a role “facilitating” or dispensing classroom experiences by doing 
what the materials indicate should be done. In concentrating on student learning, 
curriculum materials often neglect the parallel teacher-learning necessary for their 
successful implementation (Putnam & Borko, 2000). Whereas traditional curriculum 
materials are designed to promote student learning, Davis and Krajcik (2005) use the 
term educative curriculum materials to refer to planning resources designed 
specifically for teacher learning. Ideally, teachers who use educative curriculum 
materials to prepare classroom events would experience an integration of content 
and pedagogy, and would learn new content and pedagogy in the process. 
 Along with concise explanations, educative curriculum materials can provide 
guides for teachers to anticipate misconceptions students bring into classrooms 
(Davis & Krajcik, 2005). Educative curriculum materials also develop pedagogical 
thinking as they help guide teachers in making decisions regarding instruction. 
Educative curriculum materials can also support teachers in developing what Davis 
and Krajcik (2005) call “pedagogical design capacity”-the skill of constructing 
“progressive, integrated and contextually situated” activities that engage typically 
uninterested learners (p. 5). 
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Summary 
Little is known about the teaching of NOS in the elementary grades. However, 
misconceptions are extensive and resistant to change by the time students reach 
secondary grades, and elementary students are capable of learning NOS concepts 
(Lederman, 1992). Because elementary teachers have less content knowledge than 
their secondary colleagues, they are even more likely than secondary teachers to 
rely upon curriculum materials to define the content and experiences for science 
instruction. Schrauth (2009) showed that early primary materials had woefully 
inadequate portrayals of the nature of science, assuming that students would learn 
accurate NOS ideas implicitly, and even conveyed misconceptions that likely fit with 
teachers’ documented NOS misconceptions. Since curriculum materials can serve an 
educative role, far more information is needed about NOS portrayals at the 
elementary level and the extent to which such materials are educating both teachers 
and students in accurate ways. 
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CHAPTER 3. METHODS AND PROCEDURES 
 
Introduction 
 
 This study examined how the nature of science is currently represented in 
eight grades 3-5 life science curriculum materials. The scoring rubric developed by 
Schrauth (Schrauth, 2009) was used to identify six fundamental concepts of the 
nature of science (Abd-El-Khalick, Waters, & Le, 2007; NSTA, 2009) likely to be 
present in the materials. Two of the selected teacher guides were from a textbook 
series and six were from kit-based programs. The materials are self-described as 
aligned with current reform documents.  
 
Methods 
Scoring Rubric 
The work to define what the nature of science concepts should be in upper 
childhood instructional materials began with identifying fundamental concepts of the 
nature of science more generally. In order to do this, several reform documents were 
consulted (e.g. AAAS, 1993; NRC, 1996; NSTA, 2000). In addition, the NOS 
concepts used for this study were based on a study of chemistry textbooks 
conducted by Abd-El-Khalick et al. (2007). Some may argue the NOS concepts 
should be determined using grounded theory (Glaser & Strauss, 1967) in a process 
that begins with the data and develops categories through an iterative process. 
However, in Schrauth’s analysis (2009), many NOS concepts found in reform 
documents were absent in curricular materials. Thus, this study began with 
previously identified NOS concepts reflected in reform documents and used a more 
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deductive approach to determine if those concepts are reflected in the materials. 
However, the analysis was sensitive to additional NOS concepts that may have been 
in the materials, but were not on the list. If such instances occurred, those concepts 
could be added and other materials revisited in light of the revised list.  
Once each of the NOS concepts were identified, further description was 
necessary to define indicators of each NOS concept appropriate for grade 3-5 
students. Schrauth’s study (2009) of K-2 curriculum materials was consulted for 
comparison (Schrauth, 2009). Each NOS concept was given a score that ranged 
from +3 to -3, which comprised the final scoring rubric used in this study. The 
descriptors for each NOS concept were formulated by reviewing the previous study of 
the representation of the nature of science in high school chemistry textbooks (Abd-
El-Khalick et al. 2007), and the work of Hanuscin (2009), to understand elementary 
teachers’ pedagogical content knowledge for teaching the nature of science 
(Schrauth, 2009). The list of NOS concepts used to frame this study and descriptors 
is found in Table 1. 
 
Table 1. Target NOS Concepts and Descriptor(s) 
 
Targeted NOS Concept Descriptor(s) (modified from Schrauth, 2009) 
 
Scientific knowledge is simultaneously reliable and tentative. 
•Scientists try to organize the natural world. 
•Scientists can get the same results repeatedly. 
•Scientists can change their ideas. 
 
No single universal step-by-step scientific method exists. 
•Scientists use various methods of investigation. 
 
Creativity is a vital part of doing science.  
•Scientists create new ideas. 
•Scientists’ backgrounds help them with their ideas. 
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Continued Table 1. Target NOS Concepts and Descriptor(s) 
 
Targeted NOS Concept Descriptor(s) (modified from Schrauth, 2009) 
 
Science is based on naturalistic methods and explanations. 
•Scientists collect data 
•Scientists use evidence to explain their ideas. 
 
Contributions to science can be made and have been made by people the world over. 
•Scientists work in many countries. 
•Scientists review and discuss findings with other scientists. 
 
Science exists in a social and cultural context of science.  
•Scientists work together. 
•Scientists are affected by their culture. 
•Scientists can help society. 
 
Explicit versus Implicit Representations 
When coding curriculum materials, both explicit and implicit NOS messages 
communicated to students were documented. Explicit representations are described 
as a direct, clear, and obvious representation of the NOS (Schrauth, 2009). Implicit 
representations are those that were not stated directly, but consist of those 
messages about science and how it works that a student will likely develop as a 
result of completing a unit as described in the curriculum materials (Schrauth, 2009). 
The focus of the coding was on what the teacher was instructed to portray through 
the lesson: activity/investigation, prompts, and questions. The goal of this study was 
not to identify opportunities for the teacher, but instead to determine how the nature 
of science is being represented for students by the materials. This distinction is 
important and raises a limitation of this study. A teacher knowledgeable in the nature 
of science can see opportunities to teach the NOS and go beyond the curriculum 
materials to address such issues in the classroom. This study limits itself to the 
 22 
curriculum materials and what messages about the nature of science are portrayed in 
those materials. 
 
Determining NOS Accuracy: Scoring Categories 
Each NOS concept was scored using a scale that ranged from 3 to -3. High 
positive scores, consistent with the literature on effective NOS instruction, convey 
science accurately and explicitly. Lower positive scores are also accurate, but are 
more implicit. A score of “zero” is used when the NOS concept is not present. 
Negative scores were used when materials were implicit and partially accurate in 
their NOS portrayals, or explicit and inaccurate. A complete description of scores is 
provided in Table 2. 
 
Table 2. NOS Explicitness Rating Scale (Adapted from Schrauth, 2009) 
3 The lesson conveys: Explicit, informed, and consistent representation of the 
target NOS concept. 
2 The lesson conveys: Explicit, partially informed representation of the target 
NOS concept. 
1 The lesson conveys: Implicit, informed, and consistent representation of the 
target NOS concept.  
0 The target NOS concept is not addressed in the lesson. 
-1 The lesson conveys: Implicit misrepresentation of the target NOS concept. 
-2 The lesson conveys: Mixed explicit and/or implicit messages about the NOS 
concept. 
-3      The lesson conveys: Explicit, naïve representation of the target NOS concept.  
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Selection of Materials 
 
The curriculum materials analyzed in this study were selected based on their 
structure as well as alignment to reform documents such as the National Science 
Education Standards. All of the kit-based programs were developed with NSF 
funding. These programs are in wide use throughout the country and should be 
consistent with national reform efforts in science education. McGraw-Hill published 
the textbook-based teaching manuals. The kit-based programs include Full Option 
Science System (FOSS), Insights, and Science and Technology for Children (STC). 
Life science was chosen to be the focus in an effort to narrow the field of content 
examined. This was done to provide consistency with regard to content across 
materials. Effort was made to obtain the most current version on each of the manuals 
ranging from 1996-2005. Table 3 provides more detailed information about the 
materials selected for this study. 
Table 3. Selected Instructional Materials 
Name of Curriculum     Grade(s)            Unit Title          Publication Date 
Insights Science Kits  4-5  Bones & Skeletons  2005 
     5-6  Human Body Systems 1997 
 
Full Option Science System 3-4  Structures of Life  2000 
3-4  Human Body   2005 
(FOSS) Kits     
        
Science and Technology   5  Microworlds   1996 
for Children (STC) Kits  4  Animal Studies  2002 
   
McGraw-Hill 4        Unit 7 – Human Body: A Body in Motion  
   Ch. 13  2000 
5                Unit 7 – Human Body: Pathways 
   Ch. 13  2000 
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Data Reduction and Analysis 
 
 Lessons from each kit-based unit and textbook unit were read in their entirety. 
Exemplars from the materials were inserted into the scoring rubric to provide greater 
consistency throughout the process. Materials were scored using the scoring rubric 
(Table 2) across each identified NOS concept (Table 1). Consistent with Schrauth 
(2009), a mean score was calculated for each targeted nature of science concept. 
Comparisons were then made between mean scores across NOS concepts to gain 
perspective of overall NOS portrayals with each life science unit. Comparisons were 
also made across materials to demonstrate how a particular NOS concept is 
addressed in life science published instructional materials for this age group. 
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CHAPTER 4. FINDINGS 
 
Introduction 
Analysis of the curriculum materials indicated that while the nature of science 
is more consistently present than in the Schrauth (2009) study, incorrect information 
about the NOS continues to permeate the materials. This chapter addresses the 
findings for each of the materials used in this study, and concludes with an overall 
description of the presence and accuracy of NOS concepts in the selected upper 
elementary life science curriculum materials. 
 
Analysis 
 
The rubric was used to score each lesson in each teacher manual for the 
selected life science units. The NOS Scoring Rubric was used to note when a 
targeted NOS concept was represented. The degree of the representation was then 
determined, using the explicitness scale on the NOS Scoring Rubric. The scores 
were compiled to develop a set of frequencies for each NOS concept for the entire 
unit. The mean score provided an overall average of the entire unit’s representation 
of the target NOS concepts. Table 4 provides an example of the scoring that was 
completed for all eight selected instructional materials. 
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Table 4. NOS Scoring Analysis 
 
Target NOS        Rating   Analysis of Insights Kit: Bones &  
Concept     Skeletons (2005) Lesson 1 pgs: 13-24 
 
Scientific 1  +1 Students are asked to setup science  
knowledge is     notebooks. These notebooks will be used to  
simultaneously    record predictions, conclusions, pictures, and 
reliable and     notes as the unit progresses. 
tentative.     +1 Students are asked to share inferences and 
      compare them with their group. 
+2 Students are specifically told “Observation is 
a critical component of inquiry”. 
-1 Students’ attention was not drawn specifically 
to the idea that scientists can get the same 
results repeatedly through observation and/or 
experimentation. 
 
No single 1  +1 Students are introduced to inquiry and asked    
universal step-by-    to observe. They record their observations and 
step scientific     record questions they have about the Mystery 
method exists.     Object. 
 
Creativity is a   1  +1 Students work together in pairs “to discuss  
vital part of doing    their observations and record what they think the 
science.     object might be.” 
+1 Students are asked to make observations 
they will refer back to throughout the unit. 
-1 Students were not explicitly directed to the 
idea that scientists use their backgrounds to 
help them with their ideas’ they create new 
ideas; and use their creativity to explain their 
observations. 
 
Science is based  1  +1 Students are directed to observe the Mystery  
on naturalistic     Object. (record observations: color, texture, 
methods and     shape, etc.) 
explanations.     +1 Students are asked to make observations  
and then create inferences based on those  
observations. 
+1 Students record their observations. 
+1 Students are explicitly asked: “Which 
inferences are supported by the most or best 
observations?” 
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Continued Table 4. NOS Scoring Analysis 
Target NOS        Rating   Analysis of Insights Kit: Bones &  
Concept     Skeletons (2005) Lesson 1 pgs: 13-24 
 
Contributions to  0  This lesson does not address this NOS concept. 
science can be made 
and have been made by 
people the world over.  
 
 
Social and   0  This lesson does not address this NOS concept. 
Cultural context 
of science. 
 
Findings 
Question One: What nature of science concepts are represented in upper elementary 
curriculum materials? 
Overall Findings 
 Four key findings describe what NOS concepts are represented in the life 
science instructional materials examined: 
• The cultural context of science was rarely represented in the selected 
instructional materials. 
• The NOS concept that creativity is a vital part of doing science was 
accurately, but implicitly present in most of the kit-based materials. 
• The idea that scientists work together is implicitly represented both 
consistently and accurately. 
• The textbook materials consistently supported the NOS concept of the 
social aspect of science, yet only in an implicit manner. 
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• All materials lacked explicit, accurate NOS concepts. 
In the section below, findings for each NOS concept are further described. 
 
NOS Concept 1: Scientific Knowledge is Reliable and Tentative 
 
   
 
 
Table 5: Mean Scores for NOS Concept #1 – “Reliable and Tentative” 
Insights      Insights    FOSS        FOSS      STC        STC        McGraw-      McGraw- 
    #1  #2       #1    #2       #1           #2         Hill Ch. 13     Hill Ch. 13 
                  (5th Grade) 
            
   1.10  1.30       .35  .85     .75  1.10      .30  .60 
 
 
 Three of the kit-based curriculum materials reviewed had some degree of 
implicit representation of the reliable and tentative nature of scientific knowledge 
NOS concept. Insights “Human Body Systems” scored the highest with a mean of 
1.3, indicating it contained the most implicit representations. Insights “Bones and 
Skeletons” and STC “Animal Studies” both contained accurate, implicit 
representations. These guides often instructed teachers to have students revisit 
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Figure	  1:	  Scienti4ic	  Knowledge	  is	  Reliable	  
and	  Tentative	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objectives and knowledge from previous learning experiences. The guides also 
recommended that teachers plan for future learning experiences by using previous 
evidence to make decisions. Group discussions among group members were heavily 
recommended in these three guides.   
The McGraw-Hill textbook chapters had low scores for this NOS concept. 
There was little to no representation of the concept either implicitly or explicitly. What 
is striking about the portrayal of the NOS concepts in these materials is the overall 
lack of explicit attention to teach students that what they are doing is related to what 
scientists do. So while students are told to consider changing their ideas in light of 
new evidence, they are not told that this can occur when scientists do science. 
 
NOS Concept 2: No Single Scientific Method 
 
 
 
 
Table 6: Mean Scores for NOS Concept 2 – “No Single Scientific Method” 
Insights      Insights    FOSS        FOSS      STC        STC        McGraw-      McGraw- 
    #1  #2       #1    #2       #1           #2         Hill Ch. 13      Hill Ch. 13 
                   (5th Grade) 
            
   .13  -.15       .07  -.42       -.53 -.06      -.90               -1.20 
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Implicit messages that misrepresented this NOS concept were commonly 
found in all analyzed teaching guides. None of the teaching guides provided explicit, 
informed representations of the various methods scientists use to investigate the 
natural world. Two of the kit-based guides and the two McGraw-Hill textbook 
chapters contained explicit misrepresentations. For example, STC “Microworlds” 
provided specific step-by-step directions not only just to the teacher, but also the 
student. Students did not have the opportunity to explore or investigate their own 
questions, or design their own procedures to conduct such an investigation. 
Both the McGraw-Hill textbook chapters provided few opportunities for 
exploration. The two chapters highlighted vocabulary words and emphasized 
questions related to the recall of science facts. Given these data, teachers receive 
implicit messages that science is conducted through a step-by-step process and what 
is important for students to learn is the body of knowledge that results from that 
process. 
 
NOS Concept 3: Creativity is a vital part of doing science 
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Table 7: Mean Scores for NOS Concept 3 – “Creativity is a vital part of doing science”:  
Insights        Insights         FOSS        FOSS         STC        STC        McGraw-      McGraw- 
    #1   #2          #1     #2           #1   #2        Hill Ch. 13     Hill Ch. 13 
                     (5th Grade) 
            
 1.06  1.07          .85             .57          .93       1      .90               .90 
 
Creativity was most often represented in an implicit, informed, and consistent 
manner in the kit-based curriculum materials. This usually consisted of students 
being asked to participate in activities that required the creative solving of problems, 
or working together to discuss ideas. The McGraw-Hill textbook chapters did not 
consistently present an implicit, informed view of creativity in science; however it was 
present in the special National Geographic: “World of Science” sections within the 
textbook. The learning of content from the text (rather than from hands-on 
experiences) was heavily emphasized in the textbook chapters. Therefore, students 
do not receive explicit messages that scientists must use creativity, nor do they 
receive implicit messages about this concept.  
Several of the kit-based guides, such as Insights kits #1 and #2, as well as 
STC #1 contained lessons where students designed their own investigations. This 
gave students the opportunity to observe and develop their own ideas about the 
concepts on topic. Neither the kit-based guides nor the McGraw-Hill textbooks 
contained consistent, accurate, and explicit representations of this NOS concept. Like 
the tentative, yet durable nature of scientific knowledge, students are expected to 
learn accurate NOS concepts by engaging in scientific inquiry, despite the lack of any 
attempt to help students understand what they are doing is like what scientists do. 
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NOS Concept 4: Naturalistic Methods and Explanations 
 
 
 
 
Table 8: Mean Scores for NOS Concept 4 – “Naturalistic Methods and Explanations” 
Insights      Insights    FOSS         FOSS      STC        STC        McGraw-      McGraw- 
    #1  #2       #1    #2       #1           #2         Hill Ch. 13     Hill Ch. 13 
                 (5th Grade) 
            
     .73  .69       1.14 .42       .81  .93            .60              .30 
 
 The NOS concept science is based on naturalistic methods and explanations 
is most often implicitly represented in these materials. However, only one kit-based 
guide consistently provided these implicit, accurate representations. FOSS “Human 
Body” consistently portrayed this NOS concept by having students create data charts 
quite often in their notebooks, summarize the data, then discuss with their group any 
conclusions that can be drawn from their observations. The lessons in the FOSS 
“Human Body” were also similar to those found in the STC “Animal Studies.” In this 
unit, students were expected to hold group discussions to create a claim from their 
documented charts. Typically the teacher would reinforce the intended science 
concept if students did not propose the expected objective. Students’ attention was 
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not explicitly drawn to the nature of the data or the claims; that the data and 
explanations cannot employ the supernatural and are limited to natural phenomena 
and mechanisms. Students were also not explicitly taught how scientists do similar 
data collection and how they develop explanations based on natural phenomena and 
mechanisms. 
 In both McGraw-Hill textbook chapters, this NOS concept was minimally 
represented. When this NOS concept was present, it was implicitly represented. For 
example, in FOSS “Human Body” students are directed to create a chart that 
describes what muscles they have used in the last half-hour (p. 450). They were then 
asked to discuss with their groups whether they used more voluntary or involuntary 
muscles.   
 
NOS Concept 5: Global Contributions 
 
 
 
Table 9: Mean Scores for NOS Concept 5 – “Global Contributions”:  
Insights      Insights    FOSS        FOSS      STC        STC        McGraw-      McGraw- 
    #1  #2       #1    #2       #1           #2         Hill Ch. 13     Hill Ch. 13 
                  (5th Grade) 
            
      .46  .23       .14  .35       .18  .37       .60               .50 
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In all the analyzed materials, the NOS concept global contributions is rarely 
represented. There was little reference to scientists outside of the United States. 
Scientists’ biographies were not included in the materials, with the exception being 
the McGraw-Hill textbook side notes sections. The McGraw-Hill textbook chapters 
contained implicit representations of this NOS concept most often occurring in the 
National Geographic “World of Science” sections. In both the kit-based materials and 
textbook-based curriculum, students were never given the opportunity to share their 
work or observations with international students beyond the classroom. 
 
NOS Concept 6: Social and Cultural Context of Science 
 
 
 
 
Table 10: Mean Scores for NOS Concept 6 – “Social and Cultural Context of Science”:  
Insights     Insights    FOSS        FOSS      STC        STC        McGraw-      McGraw- 
    #1  #2       #1    #2       #1           #2         Hill Ch. 13     Hill Ch. 13 
                  (5th Grade) 
            
   .53  .46       .07  .07       .37  .03       .80              .70 
  
The NOS concept of scientists impacting society and the effects of the wider 
culture was rarely represented in these instructional materials. In half of the kit-based 
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materials, this concept was implicitly represented only once. The representations that 
were present in the McGraw-Hill textbook chapters were implicitly conveyed and also 
notably minimal. An example of an implicit, yet minimal representation was found in 
the McGraw-Hill textbook Ch. 13 “Human Body – Grade 4” as it asks students to 
consider how a physical therapist may create a treatment plan for patients. This 
encourages students to consider the impact community workers have on the real 
world around them. Unfortunately, this example confounds science and technology, 
possibly leading to a misconception that scientists create technology or medical 
advances, rather than studying the natural world.  
The National Science Education Standards indicate central NOS concepts for 
K-4 and 5-8 students are “science is a human endeavor” (p. 108) and “many different 
people in different cultures have made and continue to make contributions to science 
and technology” (p. 166). The “cultural contributions” aspect of science analyzed here 
encompasses the notion of science as a human endeavor and people have 
contributed to it from many different cultures. In the elementary grades, this standard 
could be represented through biographies of a variety of scientists, the presence of 
activities that involve sharing data with others in different places, and images of 
diverse scientists at work. Unfortunately, these elements were missing in the 
examined materials.  
 
Question Two: How accurately is the nature of science explicitly and implicitly   
addressed in upper elementary curriculum materials? 
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The extent to which NOS concept was represented varied greatly across 
curricular materials. Four central findings were developed from this analysis: 
• The Insights kits analyzed consistently represented two of the six 
nature of science concepts accurately and implicitly.  
• Both the kit-based materials and the textbook instructional materials 
lack explicit, informed, and consistent representations of the targeted 
NOS concepts.  
• None of the materials selected for this study had explicit, informed, and 
consistent representations of the nature of science.  
• The textbook curriculum materials scored lower than the kit-based 
materials on explicit representations of the nature of science. 
 
The following sections summarize the accuracy of NOS representations 
across NOS concepts for each kit/textbook studied. Tables are provided that include 
mean scores for each lesson that were used to determine the overall score for each 
NOS concept. This enables the reader to determine the pervasiveness of NOS 
messages within each unit as well as the accuracy of those messages. 
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Teaching Guide 1: Insights: Bones & Skeletons: Grades 4-5 (Insights #1) 
 
 
 
 
Table 11. Findings for Insights #1 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 1  1  1  1  0  0 
Lesson 2 2  1  2  1  1  0 
Lesson 3 1  0  1  1  1  2 
Lesson 4 2  0  1  1  0  0 
Lesson 5 1  0  1  1  1  0 
Lesson 6 1  0  2  1  0  1 
Lesson 7 1  0  1  1  0  2 
Lesson 8 1  0  2  -1  0  2 
Lesson 9 -1  0  1  1  1  0 
Lesson 10 1  1  1  1  0  0 
Lesson 11 1  0  1  0  0  0 
Lesson 12 2  0  1  1  0  0 
Lesson 13 1  -1  1  1  1  0 
Lesson 14 1  0  0  1  1  1 
Lesson 15 1  0  0  0  1  0 
   Mean 1.06  .13  1.06  .73  .46  .53 
  
This Insights kit contained two categories that scored consistently accurate, 
yet implicit for the NOS concepts. Scientific knowledge is simultaneously reliable and 
tentative and creativity is a vital part of doing science were the NOS concepts 
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consistently represented in this teacher guide. Lessons 2, 4, and 12 contained 
minimal explicit, accurate portrayals of the NOS concept scientific knowledge is 
simultaneously reliable and tentative. In Lesson 2 an explicit representation is 
present as it stated, “…scientists use quantitative terms to describe their 
observations. These terms include measurement words such as length, width, height, 
and volume.” (p. 29).    
Overall, this unit had little representation of three NOS concepts no single 
universal step-by-step scientific method exists, global contributions, and the social 
and cultural context of science. 
 
Teaching Guide 2: Insights: Human Body Systems: Grades 5-6 (Insights #2) 
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Table 12. Findings for Insights #2 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 2  0  1  1  0  0 
Lesson 2 1  -1  1  1  1  0 
Lesson 3 -1  1  1  1  0  0 
Lesson 4 2  -1  2  1  0  0 
Lesson 5 2  -1  1  1  0  2 
Lesson 6 1  0  1  1  0  2 
Lesson 7 1  0  2  -1  1  2 
Lesson 8 2  0  1  1  0  0 
Lesson 9 1  -1  1  1  0  0 
Lesson 10 2  1  2  1  0  0 
Lesson 11 2  0  1  1  0  0 
Lesson 12 1  0  0  0  0  0 
Lesson 13 1  0  0  0  1  0 
   Mean 1.30  -.15  1.07  .69  .23  .46 
 
This kit-based unit had consistent accurate, yet implicit representations of 
scientific knowledge is reliable and tentative and creativity is a vital part of doing 
science. The NOS concept no universal scientific method received a negative mean 
score of -0.15 signifying that overall it implicitly misrepresented this NOS concept. 
Lessons in this unit, as well as Insights #1, were very teacher-directed and often 
students were led through a step-by-step process. Most often the universal scientific 
method represented in the Insights #1 kit included forming a hypothesis, making 
observations, collecting data, and creating a conclusion. Although this is a valid 
method of investigation, it is often portrayed as the only method of investigation. 
None of the lessons in this unit contained consistent explicit representations of 
all the NOS concepts. However, this unit did have six lessons that contained minimal 
explicit portrayals of how scientific knowledge is reliable and tentative. Lesson 5 
explicitly states, “Just like scientists in history, you should do the best you can with 
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the information that you gather. It is not necessary to get the “right” answer” (p. 137). 
Across all units, Insights #2 had the highest mean score for scientific knowledge is 
reliable and tentative, indicating that this message about the nature of science is 
consistent within this unit. Overall, this unit scored similar to Insights #1.  
 
Teaching Guide 3: FOSS: Structures of Life: Grades 3-4 (FOSS #1) 
 
 
 
Table 13. Findings for FOSS #1 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 1  1  1  2  0  0 
Lesson 2 1  -1  0  1  0  0 
Lesson 3 1  2  1  2  1  0 
Lesson 4 -1  1  1  1  0  0 
Lesson 5 -1  -1  0  0  0  0 
Lesson 6 1  -1  1  2  0  0 
Lesson 7 -1  1  1  1  0  0 
Lesson 8 1  0  1  1  1  0 
Lesson 9 -1  0  1  1  0  0 
Lesson 10 1  -1  1  1  0  1 
Lesson 11 1  0  1  2  0  0 
Lesson 12 1  0  1  1  0  0 
Lesson 13 -1  -1  1  1  0  0 
Lesson 14 2  1  1  0  0  0 
 
   Mean .35  .07  .85  1.14  .14  .07 
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This kit-based unit had consistent accurate, yet implicit representations of 
science is based on naturalistic methods and explanations. In Lesson 1: Origin of 
Seeds, students are asked to count the seeds in their pods. They then draw a large 
histogram to collect data on the numbers of seeds in the pods. The teacher explains, 
“the histogram is used to interpret information and answer questions” (p. 14). 
Nearly all of the lessons in this unit had implicit representations of creativity is 
a vital part of doing science and global contributions. This kit-based unit overall 
scored very low for two NOS target concepts: no single universal step-by-step 
scientific method exists and social and cultural context of science. No universal 
scientific method scored a .07 indicating quite often students were led through a 
step-by-step process. For instance, students are “guided” towards a plan that “must” 
include a short list of very specific elements when they begin to design crayfish 
houses (pg. 27). This is misleading and reinforces the notion of a universal scientific 
method.  This unit also had a very low mean score for the NOS concept social and 
cultural context of science. Unlike in the Insights #1 and #2 kits, this unit did not 
portray scientists as helping society or contributing to the community, even in an 
implicit manner.  
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Teaching Guide 4: FOSS: Human Body: Grades 3-4 (FOSS #2) 
 
 
 
Table 14. Findings for FOSS #2 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 1  0  0  1  1  1 
Lesson 2 0  0  1  0  0  0 
Lesson 3 0  -1  1  1  0  0 
Lesson 4 1  0  -1  1  0  0 
Lesson 5 0  -1  1  -1  0  0 
Lesson 6 2  0  1  0  0  0 
Lesson 7 1  -2  0  1  1  0 
Lesson 8 2  1  1  1  1  0 
Lesson 9 1  -1  0  0  0  0 
Lesson 10 0  -1  1  0  0  0 
Lesson 11 1  -1  1  1  1  0 
Lesson 12 0  0  1  0  0  0 
Lesson 13 1  -1  0  1  1  0 
Lesson 14 2  1  1  0  0  0 
 
   Mean .85  .42  .57  .42  .35  .07 
  
This kit-based unit had accurate, implicit representations of NOS concepts: 
scientific knowledge is reliable and tentative, creativity is a vital part of doing science, 
and global contributions. The NOS concept of scientific knowledge is reliable and 
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tentative scored the highest with a mean of .85. In Lesson 6, students are asked to 
tape their thumbs to their index fingers to experience the lack of thumb joints. During 
the discussion part of the lesson, the teacher tells students, “some of you may feel 
restricted and some of you may have still been able to complete the tasks” (p. 20). 
This, although implicit, does allow students to realize that results of investigations in 
science can be different. More than half of the lessons contained inaccurate, implicit 
representations of the NOS concept no single universal step-by-step scientific 
method exists. In Lessons 3, 5, 9, 10, 11, and 13 students were instructed to 
complete the investigations step-by-step.  
During Investigation 1, Part 1: Counting Bones, students are introduced to 
joints and the skeleton’s subsystems. Students should “feel their own bones through 
their skin” to create a count of their arm bones, hand bones, etc. (pg. 13). However, 
this was scored as implicit as students’ attention was not drawn explicitly to the idea 
that science is based on naturalistic explanations. This unit provided students with 
implicit representations of most of the NOS concepts, but failed to contain accurate, 
explicit representations. Overall, this unit scored lower than both Insights #1 and #2, 
but similar to FOSS #1. 
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Teaching Guide 5: STC: Microworlds: Grade 5 (STC #1) 
 
 
 
Table 15. Findings for STC #1 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 3  -1  1  1  1  0 
Lesson 2 1  1  0  1  0  0 
Lesson 3 1  -2  0  1  1  0 
Lesson 4 -1  -1   1  0  0  0 
Lesson 5 1  0  2  0  0  2 
Lesson 6 -1  -1  1  1  0  0 
Lesson 7 0  -1  1  0  0  0 
Lesson 8 2  -1  0  1  0  0 
Lesson 9 1  0  2  1  0  0 
Lesson 10 1  2  1  1  0  2 
Lesson 11 1  -1  1  2  0  2 
Lesson 12 1  -1  1  1  1  0 
Lesson 13 0  -1  1  1  0  0 
Lesson 14 0  -1  1  1  0  0 
Lesson 15 2  0  1  1  0  0 
Lesson 16 0  -1  1  0  0  0 
 
   Mean .75  -.53  .93  .81  .18  .37 
 
 
 This kit-based unit was consistently accurate and implicit in its representation 
of creativity is a vital part of doing science and science is based on naturalistic 
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methods and explanations. Many of the lessons in this unit allowed students to 
explore and observe during the investigations. The lessons also required students to 
use evidence from their prior experiences to explain their ideas. The NOS concept no 
universal scientific method received a negative mean score of -0.53 signifying that 
overall it implicitly misrepresented this NOS concept.  
 Lesson 1 in this unit provided an accurate and explicit example of the NOS 
target concept: scientific knowledge is simultaneously reliable and tentative. It stated, 
“Ask students to explain the following statement in light of what they experienced 
today: In science, we continually revise our ideas as we make new observations” (p. 
12). Overall, this kit-based unit scored higher than both FOSS kits, but lower than 
Insights kits #1 and #2. 
 
Teaching Guide 6: STC: Animal Studies: Grade 4 (STC #2) 
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Table 16. Findings for STC #2 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 1  0  1  0  1  2 
Lesson 2 1  1  1  1  0  0 
Lesson 3 1  -1  1  1  1  0 
Lesson 4 1  1  2  1  0  0 
Lesson 5 1  1  1  2  0  2 
Lesson 6 1  -1  1  1  0  0 
Lesson 7 2  0  1  1  0  0 
Lesson 8 0  -1  1  1  0  0 
Lesson 9 1  0  1  1  1  0 
Lesson 10 1  -1  1  1  0  0 
Lesson 11 0  0  1  1  1  0 
Lesson 12 2  0  1  2  1  1 
Lesson 13 1  0  1  1  0  0 
Lesson 14 0  0  1  0  0  0 
Lesson 15 2  0  1  1  0  0 
Lesson 16 2  0  0  0  1  1 
   Mean 1.06  -.06  1  .93  .37  .37 
 
 This kit-based unit contained a mix of explicit and implicit representations of 
five NOS concepts: scientific knowledge is simultaneously reliable and tentative, 
creativity is a vital part of doing science, science is based on naturalistic methods and 
explanations, global contributions, and the social and cultural context of science. 
Scientific knowledge is simultaneously reliable and tentative scored the highest with 
a mean score of 1.06. There were implicit representations of the NOS concept global 
contributions. In Lesson 5, students are given a reading selection stating, “You are 
studying frogs and crabs. But there are places all over the world where scientists and 
other researchers study animals too. Let’s read about a place in Grassy Key, 
Florida…” (p. 75).   
Just over half of the lessons had consistent, implicit representations of four 
NOS concepts: scientific knowledge is simultaneously reliable and tentative, creativity 
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is a vital part of doing science, science is based on naturalistic methods and 
explanations, and global contributions. This unit had a negative score of -.06 for the 
NOS concept no universal scientific method indicating that it was implicitly 
misrepresented. Overall, this unit scored slightly higher than STC #1 and much 
higher than FOSS #1 and #2. 
 
Teaching Guide 7: McGraw-Hill: Human Body: A Body in Motion: Ch. 13, Grade 4 
 
 
 
Table 17. Findings for McGraw-Hill Ch. 13: Grade 4 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 0  -3  1  1  1  0 
Lesson 2 1  0  0  0  1  0 
Lesson 3 0  0  1  0  0  1 
Lesson 4 1  -2  1  1  1  2 
Lesson 5 1  0  1  1  1  2 
Lesson 6 -1  -3  1  1  1  0 
Lesson 7 0  0  1  0  0  1 
Lesson 8 1  0  1  0  0  0 
Lesson 9 0  -1  1  1  0  0 
Lesson 10 0  0  1  1  1  2 
  
   Mean .30  -.90  .90  .60  .60  .80 
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This textbook-based unit scored considerably lower than the six kit-based 
materials, with several of the lessons scoring a 0. This indicates that some of the 
nature of science concepts were missing from the textbook chapter altogether. 
Content knowledge is a major focus of this textbook chapter. This unit had a negative 
score of -.90 for the NOS concept no universal scientific method signifying that 
overall it was both explicitly and implicitly misrepresented. In two lessons, explicit 
misconceptions were present for this NOS concept. Quite often in the textbook 
lessons, students were instructed to follow a procedure step-by-step. This implied 
there is one universal method to use when conducting science investigations. In 
Lesson 1, students were instructed to “Design Your Own Experiment” (pg. 435). 
However, when reading the directions students are led through a “scientist’s process 
skills” to complete the activity (pg. 435). Students were given step-by-step 
instructions with only one possible outcome as the lesson progressed. This sends an 
implicit message to students that even when designing their own experiment, one 
must follow a step-by-step method and reach the same, expected outcome. 
About half of the lessons in this textbook chapter did contain a mix of explicit 
and implicit representations of the NOS concept the social and cultural context of 
science. Many of these representations appeared as side notes or captions, but they 
were present for students to view. For example, in the side notes section of Lesson 4, 
teachers are asked to “Integrate History” into the lesson. A short biography of 
Leonardo da Vinci appears in the side notes. The note also explains he discovered 
that four widths of a person’ s finger is the same measurement as the width of that 
person’s palm. Six palms equal one cubit or about 43-56cm. This was a way to 
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measure in da Vinci’s time (p. 440). This helps students to see the contributions of 
scientists from all over the world and throughout time.  
 
Teaching Guide 8: McGraw-Hill: Human Body: Pathways: Ch. 13, Grade 5 
 
Table 18. Findings for McGraw-Hill Ch. 13: Grade 5 
        Reliable    No Scientific      Creativity         Nat.        Global          Soc. 
                 &        Method         Methods             Contrib.             & Cult. 
                  Tentative                            Context 
 
Lesson 1 1  -3  1  0  0  0 
Lesson 2 1  0  1  1  1  2 
Lesson 3 1  -2  0  1  0  0 
Lesson 4 1  0  1  1  1  2 
Lesson 5 1  0  1  0  1  2 
Lesson 6 1  -3  1  0  0  0 
Lesson 7 0  -1  1  0  0  1 
Lesson 8 0  -2  1  -1  1  0 
Lesson 9 0  -1  1  0  1  0 
Lesson 10 0  0  1  1  0  0 
  
   Mean .60  -1.20  .90  .30  .50  .70 
 
This textbook-based unit scored very similar to the other textbook-based unit. 
It scored considerably lower across the six NOS concepts when compared to the six 
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kit-based materials. This unit had the lowest negative score of -1.20 for the NOS 
concept no universal scientific method indicating that it was both explicitly and 
implicitly misrepresented, which two lessons containing explicit misconceptions. The 
NOS concepts creativity is a vital part in doing science and the social and cultural 
context of science were both represented, mostly implicitly, in this textbook chapter. 
In Lesson 4 an explicit representation of the NOS concept the social and cultural 
context of science was present when the text stated, “Scientists learned sickle cell 
anemia occurs mostly in people that live in tropical areas. They also noticed that 
those people needed to have one copy of the gene to protect them from malaria. 
Doctors today can test for this gene and are doing research to cure the disease” (p. 
586). Unfortunately, despite the apparent intention to convey the cultural context of 
science, the example makes no distinction between basic science, applied science, 
and technology, and presents technology as science. 
As with the other textbook chapter, this chapter was heavily weighted with the 
expectation of content knowledge objectives and vocabulary memorization.  
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CHAPTER 5. SUMMARY AND DISCUSSION 
 
Introduction 
 
The findings of this study are consistent with the findings from Schrauth’s 
study of lower elementary curriculum materials (Schrauth, 2009). This study confirms 
that like the lower elementary materials, accurate, explicit portrayals of the nature of 
science are not consistently present in many curriculum materials used by upper 
elementary teachers. The NOS representations that were present were rated as 
implicitly accurate. To what extent does this absence of explicit and accurate 
information about science and scientists impact upper elementary education teachers 
and students? The teacher makes important decisions based on his or her level of 
experience with accurate NOS representations. Further, in the elementary grades, 
the teacher often leans on instructional materials provided by the school district for 
use with students. If those materials contain inaccuracies, as demonstrated in this 
study, as well as the Schrauth study, students will be implicitly receiving NOS 
misrepresentations, and likely developing or reinforcing NOS misconceptions. 
 
Discussion 
 
NOS – Inconsistent Messages 
 
 Analysis of these eight instructional materials indicates, if followed as written, 
students would learn science content aligned with many of the National Science 
Education Standards (NRC, 1996). However, inconsistent messages regarding the 
nature of science permeate the instructional guides. The materials claim to be 
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“aligned with the standards,” but only content standards appear to have been 
considered in this alignment. The reviewed materials failed to provide students with 
explicit opportunities to know how scientists work and what science is. When they did 
do so, they included a mixture of accurate and inaccurate information, almost always 
implicitly conveyed. 
Many of the units in this study stressed scientific inquiry as their focus. 
However, engaging in inquiry and learning about science process skills is not 
equivalent to learning about the NOS. If students are to develop informed NOS 
conceptions, explicit instruction that requires students to think about NOS issues 
should be used. This is not to say that inquiry-oriented teaching or science process 
skills instruction is not important. However, given the documented misconceptions 
students have as early as grade 1, simply inserting explicit NOS prompts to help 
students see how the inquiry they are doing is like what scientists do is unlikely to 
result in the rejection of misconceptions and the learning of accurate NOS ideas 
(Lederman & Lederman, 2004; Akerson & Abd-El-Khalick, 2005; Akerson & Volrich, 
2006; Lederman & Abd-El-Khalick, 2008). Thus, curriculum materials should assist 
teachers in using appropriate pedagogical practices to promote conceptual change. 
Teaching for conceptual change, means that in addition to eliciting students’ 
views of the NOS concepts addressed in this study, instruction would need to help 
students become aware of their own views. Then, purposeful activities and/or 
discussions should be undertaken to render students dissatisfied with their naïve 
views. Science instruction would follow in which inquiry and other science-based 
activities are coupled with a structured NOS reflective component (Lederman, 2006). 
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Unfortunately, the activities in these units did little to promote an image of science as 
occurring through investigative processes while simultaneously promoting accurate 
NOS target concepts. Addressing such issues would require significant changes to 
the materials to be done in a manner consistent with the literature on NOS learning. 
 
NOS Concepts – Hit and Miss 
 
Several target NOS concepts were more prevalent in the selected instructional 
curriculum materials than others. In this study, three concepts were more likely to be 
addressed: scientific knowledge is simultaneously reliable and tentative, creativity is 
a vital part of doing science, and science is based on naturalistic methods and 
explanations. Even though these three NOS target concepts were mostly implicitly 
represented, they were better and more often represented than: no single universal 
step-by step scientific method exists, the social and cultural context of science, and 
contributions to science can be made and have been made by people all over the 
world. It is possible that these “less represented” NOS concepts are not considered 
part of inquiry according to the publishers of the materials. It is also possible these 
three “less represented” NOS concepts are considered to be developmentally 
inappropriate for this age group.   
It is possible for many of the kit-based materials used in this study to be 
altered slightly to contain more explicit representations of the nature of science. For 
example, in all instructional materials analyzed for this study, students were asked to 
work collaboratively in either partnerships or groups. Although this represents an 
implicit example of the NOS concept the social and cultural context of science, never 
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was it stated explicitly that scientists share findings and work together to draw 
conclusions. This would have been a rather straightforward addition to the lessons. 
The teacher could have made students aware of how sharing findings is like the work 
of scientists. This underscores the prevalence of missed opportunities to teach the 
nature of science that exists in the materials. Students were often engaging in work 
that is similar to the work of scientists at some level, yet the similarities and/or 
differences were almost never made explicit to the students. 
 Important to note is that the majority of grade 3-5 learners are generally 
concrete rather than fully abstract thinkers. Students’ NOS views could be enhanced 
when the target NOS concepts are embedded and taught within a framework of 
content-related, concrete, inquiry activities. These activities serve to provide a more 
concrete context for these NOS concepts and make them accessible to students.  
 
Potential Study Limitations 
  
The enacted curriculum always differs, to varying degrees, from the formal 
curriculum (Eisner, 1994). This is due to differences in teachers’ background 
knowledge, efficacy in teaching science, available time and resources, and even the 
students themselves. We know that in secondary science, the textbook often defines 
the content of the course, and the order in which it is taught, thus exerting a large 
influence on the students (Yager & Penick, 1984). In the elementary grades, 
curriculum materials, however structured, are very likely to exert an even greater 
influence how teachers present lessons to students, given their low self-efficacy 
related to science instruction, lower content knowledge than their secondary 
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colleagues, and demands from other subject areas for limited planning time (Bayer, 
2004). Because many elementary teachers have naïve views of the nature of science, 
the implicit representations most of the analyzed curriculum materials in this study 
present are grossly inadequate to either change teachers’ misconceptions or to 
prevent those misconceptions from being taught to students. A teacher with NOS 
misconceptions will more than likely overlook the implicit accurate NOS 
representations many of the kit-based units contained. Because most of the materials 
analyzed contained only implicit representations, teachers may miss the NOS 
concepts altogether, or at the very least, underestimate their importance. We can 
also assume that if teachers are missing the NOS concepts implicitly, they also will 
not be likely to alter materials to make them more accurate and explicit in regard to 
the NOS. Therefore, this researcher recognizes that teachers could teach the NOS 
far more explicitly and accurately than the curriculum materials recommend, but 
given the current state of elementary science education, this is probably unlikely for 
most elementary teachers. 
 Limitations also exist in the use of mean scores for this study. Means were 
calculated to help make comparisons across units that had different numbers of 
lessons. For instance, the STC #2 unit contained sixteen lessons, whereas the 
McGraw-Hill textbooks chapters both contained only ten lessons. A unit with a strong 
example of accurate and explicit NOS included only once may have a low mean due 
to the lack of such messages throughout the remainder of the unit. Likewise, an 
explicit misconception may be underrepresented due to a high number of lessons 
that make no mention of that NOS concept, thus raising the mean despite teaching a 
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misconception. Means are provided to give an overall sense of how NOS is portrayed 
in the units, recognizing that scores at the extremes may be under-recognized with 
this method. There were no egregious means in this study. 
Both Schrauth (2009) and Abd-El-Khalick (2008) found the same obstacles 
relating to the mean scores in their respective studies. Abd-El-Khalick’s study 
addressed this issue by reporting every example of NOS and the score given to each 
example. His rationale was that a NOS misportrayal could be so egregious that it 
essentially overpowered any of the implicit accurate messages, and thus, calculating 
a mean misrepresented the data. The disadvantage to his approach is that 
comparisons across materials became difficult, if not impossible, due to the large 
volume of data. Thus, Schrauth (2009) and this study used means to enable broad 
comparisons to be made with some confidence, recognizing the limitation that means 
may mask strong positive or strong negative examples and their effect on student 
thinking. 
In the same manner as Abd-El-Khalick (2008) and Schrauth (2009), kits and 
textbooks used in this study were selected from a subset of curriculum materials. Due 
to the amount of qualitative data analysis, life science units were chosen for this 
study in order to maintain consistency. It is possible that analysis of earth science or 
physical science materials may have different results. However, given the results of 
Schrauth’s study (2009), it’s unlikely results may differ. 
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Implications 
  
 This study examined upper elementary curriculum materials for the presence 
and portrayal of the nature of science. It followed the study of Schrauth (2009) to 
provide a more complete picture of the status of NOS in elementary curriculum 
materials, and is the first of its kind to determine how the nature of science is 
portrayed in upper elementary curriculum materials. Despite the claim by all of the 
examined materials that they are aligned with the standards, they are not aligned 
with standards related to the nature of science. The findings of the study show that if 
the materials are used as written, students are not taught explicitly the fundamental 
ideas about the nature of science.  
Students were also never assessed on the nature of science in any of the 
examined materials. Instead, assessments focused on factual recall and use of basic 
process skills. Because students will value what is assessed, the assessments’ focus 
on the end product of science sends a strong message that science is a body of 
knowledge to be learned, rather than a complex human endeavor to understand the 
natural world. Thus, not surprising is the decrease in students’ interest in science, 
particularly girls, starting in the upper elementary years (Breakwell, & Robertson, 
2001). Also not surprising are the myriad studies showing strong NOS 
misconceptions among secondary students and their high resistance to change.  
If the first half of students’ education consists of mixed messages, inquiry 
activities where students are expected to infer that their activity is remotely related to 
what scientists do, and step-by-step procedures, we can hardly expect students to 
enter middle school with accurate NOS conceptions. A central issue the science 
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education community must consider is whether they want to continue to put their 
efforts into attempts to change secondary students’ deeply-entrenched 
misconceptions, or whether efforts should be made to improve NOS instruction at the 
elementary level, at a time when views of science are being formed. This study has 
multiple implications for those that wish to improve the current state of upper 
elementary science materials. A three-prong approach should be considered for 
improvement in the field: curriculum redesign to include accurate and explicit NOS, 
increased education for pre-service teachers, and continued education for in-service 
teachers.  
 
Implications for Publishers 
 
Publishers play an integral role in how the nature of science is being portrayed 
in elementary classrooms. Upper elementary curriculum materials need to make 
NOS more explicit so students know they are learning about science and how it 
works. Publishers also need to provide well-written, accurate educative passages for 
teacher use for each individual lesson. Typically, “Background for Teacher” (FOSS 
#1 and #2) sections are placed at the beginning of the units. Although helpful in 
giving teachers a content background, these sections often lack information related 
to the nature of science. Even when present in the beginning sections, the teacher is 
often not reminded of any aforementioned NOS concepts from the beginning 
sections. This does not allow teachers the opportunity to accurately and explicitly 
weave in NOS instruction when it is missing or inaccurate in the materials.  
Educative curriculum materials are designed to support teacher learning. 
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Educative curriculum materials cannot replace other professional development 
opportunities but they do have a unique role (Mckenney, Voogt, Bustraan, & Smits, 
2009). Unlike workshops or peer collaboration, teachers use curriculum materials 
over an extended period of time in the context of their classrooms. Educative 
curriculum elements in the materials within this study varied greatly. Some of the 
units did contain sections at the beginning of the unit to provide background for 
teachers, and several kit-based units did contain educative curriculum materials for 
each lesson. However, none of the “tips” in the margins provided accurate, explicit 
NOS representations. Nature of science concepts should be integrated into the 
margins of each lesson within the unit for teachers to integrate this knowledge into 
their own practice. Questions that direct students’ attention to NOS issues should be 
placed within the text alongside existing content questions, and the rationale for 
these NOS questions should also be in the margins. Quite often, what occurred in the 
materials used in this study were educative elements placed before the lessons were 
presented, but then the actual lessons did not support the concepts that preceded 
them. Thus, teachers will probably skip the educative elements and simply follow the 
instructions for each lesson. 
Publishers need to take steps to better align their curriculum materials with 
reform documents. This could be one step in the direction of including more explicit 
NOS target concepts for both teachers and students. 
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Implications for Teacher Preparation Programs 
 
 The design and content of teacher preparation programs is influential on how 
teachers will teach once in their own classrooms. Numerous studies find significant 
links between teacher preparation and student achievement (Rice, 2003). The 
content of these programs should include an emphasis on effective science teaching 
as reflected in current reform documents. Teacher preparation programs need to 
include nature of science concepts into coursework. They also need to promote 
accurate and explicit messages regarding the nature of science.  
 This study has shown that the reliance on curriculum materials in the 
classroom is insufficient for teachers if they are to accurately and explicitly teach the 
nature of science. Pre-service teachers need to be able to evaluate their curriculum 
materials and alter them, if necessary, to match reform documents. It is not 
acceptable for teacher preparation programs to allow students to progress through 
science education courses without obtaining an accurate understanding of the nature 
of science. Contextualized activities can be interwoven throughout science 
preparation courses for pre-service teachers. 
 
Implications for In-service Teacher Education 
 
The teacher, who is on the front lines of schools, decides what to teach and 
how to teach students. Many elementary teachers are uncomfortable teaching 
science; therefore, they lean on the materials provided for them in the classroom. If 
teachers cannot count on the instructional materials they have to support further 
development they must seek out ways to enhance and improve upon their instruction 
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(Schrauth, 2009). Because teachers cannot be expected to purposefully teach what 
they do not understand themselves, teacher professional development needs to 
better support science instruction. Professional learning communities designed to 
support teachers in understanding the importance of the nature of science, what 
should be taught to students, and how such concepts can be taught would be very 
beneficial to student learning. Groups of teachers analyzing lessons and designing 
science concepts to portray explicit NOS concepts can happen within schools. 
People can be encouraged to change, but if the structure of the system in which the 
individual’s work does not support them or allow enough flexibility, improvement 
efforts will fail (Todnem & Warner, 1994). 
Teachers are expected to teach meaningful content that helps students meet 
learning goals in the context of authentic activities, while addressing the needs of 
diverse learners, and ensuring all students are successful. To help teachers meet 
these high expectations and promote educational reform, K–12 curriculum materials 
need to be designed to promote teacher learning as well as student learning. Since 
what teachers do in their classrooms depends largely on their knowledge, teachers 
will need to learn a great deal to be able to enact reform-based curriculum (Wallace & 
Louden, 1998; Borko & Putnam, 1996). Teachers must become aware of the nature 
of science and how they are presenting it to their students. Teachers are the link 
between the portrayal of the nature of science and their students.  
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Further Research 
 
 Further research needs to explore how curriculum materials can help teachers 
provide accurate representations of the nature of science. Further studies need to be 
completed on what elements should be present in curriculum materials to improve 
teachers’ understanding of the nature of science. Studies need to be completed on 
what elements, if present in curriculum materials, would improve teachers’ 
understanding of the nature of science. Creating materials with teacher learning in 
mind has not been well studied. 
Finally, although standards documents include the nature of science, 
standards for elementary students tend to be very vague (e.g. “Science as a human 
endeavor”). Little is known about what specific NOS ideas are developmentally 
appropriate for lower and upper elementary students, and in what order they should 
be introduced to students. Because the nature of science addresses issues related to 
the status of scientific knowledge and other philosophical and sociological issues, the 
level of abstraction can become quite high and a risk exists that students will be 
unable to engage with such issues. Further investigation is needed into what NOS 
concepts make sense for elementary students. Until the field determines what age is 
appropriate for these target NOS ideas to be explicitly taught, we may struggle to 
create the change needed to benefit our students in science.  
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